Macrocytic anemia is found in many persons with chronic hepatic disease. The incidence recorded by different observers had varied from 18% to 89%. Observations reported by Wintrobe (1) set the incidence of macrocytosis at 40.9%o in 44 persons with cirrhosis and 62.5% in eight persons with cirrhosis and malignant disease of the liver. However, the pathogenesis of the anemia has not been clearly defined. In 1933 Wintrobe and Shumacker (2) and in 1936 Wintrobe (1) suggested that the anemia was due to the inability of a chronically and extensively diseased liver to store the antipernicious anemia factor. This opinion was supported by Goldhamer, Isaacs and Sturgis (3) who found that the antianemic substance was either reduced or absent in the livers of persons with hepatic cirrhosis and macrocytic anemia. However, in 1938 Schiff, Rich, and Simon (4) recovered an antipernicious anemia substance from the livers of cirrhotics with macrocytic anemia; they inferred that the defect was one of utilization rather than storage of this factor.
Poor hematologic response to liver extract has been the rule (1, 5) , although an occasional patient with portal cirrhosis will respond as dramatically as a person with pernicious anemia in relapse (2) ; some cases are said to have responded to folic acid (6) . In spite of these inconsistencies, the prevailing hypothesis still classes the macrocytic anemia of chronic liver disease with the erythrocyte maturation factor deficiency anemias. This is true even though the only report on bone marrow morphology 1 Presented in part before the American Society for Clinical Investigation, Atlantic City, N. J., May 3, 1948. 2This work has been supported by grants from the Robert Gould Research Foundation, Merck failed to demonstrate megaloblastic maturation arrest (7) . The data presented in this paper stress the normoblastic rather than megaloblastic type of bone marrow morphology found in the majority of patients with cirrhosis and macrocytic anemia. Thus any type of erythrocyte maturation factor defect becomes an unlikely etiologic possibility in these patients. Observations are also presented which correlate bone marrow plasmacytosis with hyperglobulinemia in persons with cirrhosis and suggest a causal relationship.
MATERIAL AND METHODS
The subjects chosen for study were 
RESULTS OF PERIPHERAL BLOOD STUDIES
Of the 30 persons studied, 24 were anemic, i.e., they had less than 4,000,000 erythrocytes per cubic millimeter. Twenty of these had a macrocytic anemia (MCV of 96 cubic microns or above) and four had a normocytic anemia. The cells usually were normochromic. The remaining six patients were not anemic. Stained smears of the peripheral blood revealed moderate macrocytosis with minimal anisocytosis, poikilocytosis and polychromatophilia. Hypersegmented poly- .0~4a Reticulocytosis, usually ranging from 2% to 7.7%o but in one instance as high as 13.5%o, was found even though these patients did not show evidence of recent hemorrhage. The guaiac test for occult blood in the stool was faintly positive in several of these patients; but the degree of reticulocytosis was correlated with an increased bilirubinemia much more closely than with such minimal evidence of bleeding. The hematologic characteristics found in these 30 patients with portal cirrhosis are recorded in Table I .
RESULTS OF BONE MARROW STUDIES
The bone marrow appeared normally cellular in 21 subjects and moderately hypocellular in nine. The cytologic aspects and distribution of nucleated cells of the erythroid series usually were normal, although in 11 subjects there was moderate hyperplasia at the normoblast level (see Table II ). Such hyperplasia was found in the most anemic patients. In only three patients (Nos. 3, 5, and 14) was there a suggestion of the "megaloblastic maturation arrest" so characteristic of pernicious anemia and related macrocytic anemias. These patients were remarkable in that they were the only ones with signs of advanced multiple B-complex vitamin deficiencies, and each had a dietary history consistent with a prolonged deficiency of extrinsic factor. One of these patients (Case No. 5) had 57°free hydrochloric acid in the gastric secretions following histamine stimulation. The other two had none. Unfortunately there was no opportunity to repeat the test in the latter cases.
The granulocytic cells were normal; there were no bizarre metamyelocytes. The lymphocyte percentages were at the upper limits of normal.
There was, however, a striking and consistent increase in the number of plasmacytes. In the 30 patients the average was 10.5% with extremes of 2%o to 23.5%o. Normally, in our laboratory plasmacytes recorded as a percentage of nucleated nonerythroid cells range from 0 to 3.5%o with an average of 1%o. This plasmacyte hyperplasia was approximately proportional to the degree of hyperglobulinemia found in these patients. There was no evidence of blood regeneration in the majority of patients on the hepatic regime supplemented with either liver extract or folic acid as previously described (see Figure 2) . Slow non-specific hematologic improvement was observed in only five patients. This coincided with improvement in the patient's general condition.
A specific hematologic response similar to that which follows the administration of liver extract to persons with pernicious anemia was observed in only two patients ( Nos. 3 and 14) . A third patient (No. 5) who received one-half lb. of beef daily for 21 days in place of the hepatic regime, had an erythrocyte and hemoglobin rise of 2.75 to 3.72 millions and 10.3 to 12.2 grams respectively in this period of time. The reticulocytes did not increase during this period but were sustained between 4% and 5%, gradually falling toward the end of the period. The mean corpuscular volume fell from 120 to 108 cubic microns. Each of these three patients (Nos. 3, 5, and 14) had a significant number of megalo- blasts and early erythroblasts in the bone marrow, but patients Nos. 3 and 14 were too ill to be subjected to the same experiment as patient No. 5. In fact patient No. 14 deteriorated rapidly even though there had been a hematologic response, and expired three weeks after hospital admission. Wintrobe (1) has recorded a similar experience.
DISCUSSION
The characteristics of the peripheral blood of the cirrhotic subjects in this study are comparable to those previously described (1, 5) . Sixty-five per cent had macrocytic anemia; 15%o had normocytic anemia and 20%o no anemia. The accumulated evidence indicates that in the great majority of these subjects the macrocytic anemia of chronic liver disease occurred because of a metabolic defect other than erythrocyte maturation factor (liver factor) deficiency. The Three patients in this series had eaten diets for many years which were grossly deficient in Bcomplex vitamins, animal protein and presumably extrinsic factor. These were the only persons who exhibited advanced lesions of vitamin Bcomplex deficiency disease, such as glossitis, neuritis, and pellagrous dermatitis; these were the instances in which there were a significant number of megaloblasts or early erythroblasts in the bone marrow and in which there was a hematologic response to liver extract, and in one case, a response following the administration of ground beef. We believe that these three patients and the several similar patients reported in the medi- cal literature (1, 10) are examples of extrinsic factor deficiency macrocytic anemia in persons with cirrhosis rather than the macrocytic anemia of chronic liver disease. Several other points warrant brief comment. Blood loss cannot be invoked to explain the consistent initial reticulocytosis found in these patients and described previously by Rosenberg (5) . Hemolysis or mild hypersplenism are unlikely causes because the level of urobilinogen in the stools was not elevated in any patient in whom the test was performed, and the bilirubin in the blood was usually of the direct reacting type. The uniform type of macrocytosis cannot be explained satisfactorily. Both of these problems require further investigation.
The bone marrow plasmacytosis in portal cirrhosis, which correlated roughly with the degree of hyperglobulinemia, has its counterpart in several other diseases and has been noted previously in European communications (11, 12) . Such a correlation has also been found in lymphopathia venereum, Boeck's sarcoid, kala azar, multiple myeloma and serum sickness (13) (14) (15) (16) (17) . As a result of studies on diseases associated with elevated serum globulin, Bing and Plum (18) conclude that the formation of globulin takes place in the plasmacyte. This opinion is supported by more recent investigations concerning the relationship of plasmacytosis to hyperimmune reactions and hyperglobulinemia (17) (18) (19) (20) (21) (22) . These studies indicate that plasmacytes develop in bone marrow and spleen in animals sensitized to bacterial or simple protein antigens as antibody globulin increases. Passively induced hyperglobulinemia or passive sensitization and shock do not induce a plasmacyte response.
Our studies do not indicate whether globulin is formed by plasmacytes or whether the plasmacytes appear in response to globulin formed elsewhere. Because of the studies cited above and by analogy with multiple myeloma it is likely that the plasmacyte is responsible for the excessive production of one of the beta or gamma globulins found by electrophoresis in the serum of patients with myeloma or portal cirrhosis (23) . The stimulus to plasmacytosis in cirrhosis may be an antigen which the damaged liver either liberates or cannot inactivate.
Other globulins may be produced by lymphocytes and by the macrophages of the bone marrow, liver and other parts of the reticulo-endothelium without the mediation of the plasmacyte. Perhaps this is the reason why globulin may be elevated in acute hepatitis and biliary cirrhosis without a consistent increase in plasmacytes in bone marrow or other tissues. CONCLUSIONS 1. A hematological survey has been carried out in 30 patients with proved portal cirrhosis.
2. Moderate or severe macrocytic anemia was present in 65% of the patients.
3. Reticulocytosis usually ranged up to 8% but in one instance was as high as 13.5%o. It could not be explained by acute loss of blood.
4. The bone marrow of these persons was normally cellular or moderately hypocellular. In 11 there was moderate normoblastic hyperplasia. The only patients with megaloblastic maturation arrest had evidence of "extrinsic factor" deficiency.
5. Plasmacytes were consistently increased in the sternal bone marrows of these patients. The degree of plasmacytosis correlated roughly with the degree of hyperglobulinemia, suggesting a cause and effect relationship of a similar nature to that observed in multiple myeloma. 6 . The macrocytic anemia failed to respond to liver extract and folic acid although there was an occasional spontaneous hematologic remission associated with a decrease in the severity of the cirrhosis. There was a significant hematologic response to liver extract or ground beef only in the three patients in whom extrinsic factor deficiency was suspected.
7. The normoblastic bone marrow and the lack of response to liver extract and folic acid in the majority of cases strongly suggests that the macrocytic anemia of chronic liver disease is produced by a metabolic defect entirely different from that responsible for pernicious and related macrocytic anemias. rendered by Dr. Robert Cogswell who performed the liver biopsies and to Dr. Daniel Richfield who examined the histologic specimens.
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